The effect of temperature in the range from 10 to 35°C on various characteristics of phosphoenolpyruvate carboxylase from the leaves of a CAM plant, Crassula argentea and a C4 plant Zea mays shows a number of different effects related to the environment in which these distinct types of metabolic specialization normally operate. The Arrhenius plot of V. for the two enzyme forms shows that the CAM enzyme has a linear increase with temperature while the C4 enzyme has an inflection at 27°C implying a conformational or aggregational change in the enzyme or a shift in reaction mechanism to one requiring a lower activation energy. The Arrhenius plot ofK., for the two enzymes reveals the startling fact that at temperatures above 20°C an increasing temperature causes an increase in Kmp,. for the CAM enzyme while the C4 enzyme displays a decreased K. as the temperature increases. The inhibitory effect of 5 millimolar malate also shows opposite trends for the two enzymes. For the CAM enzyme the percent inhibition by malate increases from essentially none at 15°C to 70% at 35°C. For the C4 enzyme the percent inhibition drops from about 60% at 20°C to 2% at 30°C. Similar opposite behavior ofthe two enzymes is found with the K; for malate. Pretreatment at high temperatures for periods up to 2 hours was found to result in differences similar to those described above if the treated enzyme were subsequently assayed at 25°C. preilluminated corn leaf shows some increase in total enzyme activity and is significantly altered in sensitivity to effectors. Malate inhibition was reduced and G6P activation was increased.
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It is believed that many factors such as light, temperature, pH, and the level of metabolites could be involved in the diurnal change in enzyme kinetic properties in both CAM and C4 plants. Light modulation of PEPC in CAM and C4 plants has received more attention recently (9-12, 14, 15) but the mechanism of PEPC regulation in vivo is still unclear. Some CAM plants continue to display an endogenous circadian rhythm of CO2 output and changes in the sensitivity of PEPC to malate inhibition even in continuous darkness (30, 35) .
One environmental factor, diurnal temperature fluctuation, should not be ignored. Wilkins (31) suggested that the rhythm of PEPC activity in CAM plants is controlled by exposure of leaves to the combined signals of light and high temperature (35°C). Recently, the work of Sellinioti et al. (24) and BuchananBollig et al. (3) has indicated that the effect of temperature is cooperative with light on both C4 and CAM PEPC.
We present here data comparing the temperature effects on PEPCs purified from a CAM plant (Crassula argentea) and a C4 plant (Zea mays (35, 36) . In C4 plants, recent studies have indicated that PEPC is also under a day/night system of regulation and exists in two enzyme forms with different sensitivities to inhibition by malate. In comparison with the CAM enzyme, the diurnal functioning of the C4 enzyme operates in a reverse fashion. At night the enzyme is reported to be more sensitive to malate inhibition than the day form (9 Crassula PEPC and corn leaf PEPC maximal activity is shown in Figure 1 . The V. of the Crassula enzyme increased with increasing temperature from 10 to 35°C with no inflection being apparent over this range. The enzyme activation energy calculated from the plot is 14 kcal/mol.
With the corn enzyme, as is also shown in Figure 1 , a discontinuity in the slope of the Arrhenius plot is found at 25C. The activation energy (2.6 kcal/mol) at temperatures above the inflection is 5-fold lower than the Ea obtained at temperatures below the inflection (Ea = 17 kcal/mol). The (16, 18, 19) . It was noted (3) that PEPC from Kalanchoe diagremontiana has a lower Km value at 1 5C than at higher temperatures. Our data extend and clarify these observations. The Arrhenius plot of Km (Fig. 2) shows inflections for both the CAM and C4 enzymes. The breaking point for the CAM enzyme is at 17°C, while for the C4 enzyme the break is found at 25°C as in the plot of log V.. versus l/T (Fig. 1) . It should be noted that the Km for the C4 enzyme decreased with increasing temperature and that the highest observed affinity for PEP was at the highest temperature used.
The value ofenthalpy change (AH) was calculated from Figure  2 . For the C4 enzyme AH values are -7.6 kcal/mol in the low temperature range (10-20°C) and -19.4 kcal/mol at temperatures above 25°C. The value for the CAM enzyme was also negative at the low temperature range (-6.8 (33, 34, 37) . In the present studies, we noted that assay temperature had a striking influence on enzyme sensitivity to malate inhibition as shown in Figure 4 . At low temperatures the CAM PEPC was are shown in Figure 6 , where the CAM PEPC has been preincubated at 42°C for varying periods oftime, followed by assay at 25°C. The upper line, a control assay, shows a slight (about 10%) loss of activity which is not increased by more prolonged exposure to the higher temperature. However, when 2 mm malate is included in the assay there is a progressive increase in the inhibition produced by this low level of malate, from 10% in the nonpretreated enzyme to >50% in the enzyme pretreated for 2 h. It seems clear that the change(s) in the enzyme at high temperatures which increase the sensitivity to malate are ones which persist at least for several minutes after removal from the high temperature. On the basis of our earlier experience (37, 38), a major change likely to be induced by high temperatures is the dissociation of the resistant tetramer of the CAM enzyme to the malate sensitive dimer.
It has recently (20) been reported that PEPC from day leaves of corn was less inhibited (10-20%) by malate than the enzyme prepared from night leaves. The difference was attributed to differing levels of phosphorylation of the two forms of the enzyme resulting from exposure to light. However, since the night leaves were held 10 h in darkness at 15C and the day leaves were exposed 1 h to light at 27°C, it seems that a differential effect of temperature may be as reasonable an explanation for the differing sensitivity to malate as the postulated effect of light on phosphorylation of the enzyme.
Comparison of Qlo Values. The interaction of substrate concentration and temperature effects is shown in Table I (38) and our more recent finding that the corn leaf enzyme is not susceptible to such changes after preincubation with PEP (34) . Hochachka and Somero (8, 26) suggested that temperature effects on the Km of enzymes may be more important to the organism than are temperature effects on enzyme molecular activity because evolutionary changes appear to produce a changed substrate or effector affinity more readily than an altered intrinsic activity. Recently Storey (27) of 79% tetramer when chromatographed at 250C. When a pure tetramer from an HPLC separation carried out at 25°C was incubated at 4°C for 16 h and chromatographed at 250C, the tetramer dropped to 53% with the altered protein appearing as 19% dimer and 28% as an inactive monomer. After 24 h treatment at 4°C, the tetramer had decreased to 32% with 17% monomer and 51 % of the total appearing as an aggregate larger than tetramer which was without activity, reflecting denaturation by conversion of the tetramer to a larger inactive aggregate, perhaps via the monomer.
It is difficult to reproduce assay conditions in HPLC separations of enzymes of different sizes, both enzyme concentration and time variables must be different because of inherent differences in the procedures. We have, however, attempted to produce a profile oftemperature effects on the fraction ofthe total enzyme present as tetramer over the range from 5 to 35C. This is summarized in Figure 7 in which the pure corn leaf PEPC tetramer isolated at 250C (which contained 79% tetramer) was preincubated for 5 min at the temperatures indicated and chromatographed (about 10 min) with buffer and column held at the same temperature as in preincubation. The enzyme concentration was 10-fold greater than that used for assays.
As is shown in Figure 7 , the percentage of tetramer at the varying temperatures increases up to 300C, followed by a precipitous decline to 35°C. The other forms of enzyme present consisted of dimer, monomer, and a large aggregate as mentioned above. These forms seemed to have no clear association with temperature.
The trend shown in Figure 7 is in agreement with the sensitivity to malate inhibition shown in Figure 4 , e.g. increasing temperatures produce an increasing percentage of tetramer and a decreasing percentage inhibition by malate, except that at 35°C the percentage of tetramer decreases while malate produces activation rather than inhibition. This may indicate that the activation response is distinct from the inhibition response which seems to be associated with the concentration of tetramer present.
These data serve to reduce the probability of some of the possible explanations listed above, but at this point selection among them is not possible.
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